This study investigated the effects of high salinity on the performance and membrane fouling of membrane bioreactor (MBR) with saline wastewater. Synthetic wastewaters containing 5 to 20 g/L salts (NaCl) were treated in identical lab-scale (7 L) MBRs monitoring removals of dissolved organic carbon (DOC) and ammonia. Increase in salt concentrations did not significantly change the removal efficiency of DOC in the MBRs. However, the ammonia removals decreased from 87% to 46 % with increasing salt concentrations. PCR-DGGE analysis indicated changes in the microbial communities' composition due to high salinity; and the changes in microbial composition in turn have affected the performance of the MBRs. Membrane fouling was accelerated by the increased pore blocking resistance at higher salt concentrations. Analysis results of physicochemical and biological characteristics of biomass (EPS, floc size, zeta potential) verified the impacts of high salinity on the increased membrane fouling.
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INTRODUCTION 1 2
Industrialization has led not only to increased water demand, but also to deterioration of water 3 quality, mostly due to industrial discharges. Many industries such as food processing, canning, 4 petroleum, and petrochemical industries generate very large amounts of saline wastewater, rich in 5 both salt and organic matters (Lefebvre & Moletta, 2006) . When these wastewaters are discharged 6 without proper treatment, they can impair the water quality of surface and ground waters. wastewater treatment processes such as sequencing batch reactors (SBR) and activated sludge 15 processes (ASP) (Campos et al., 2002; Panswad & Anan, 1999; Rene et al., 2008) . Therefore, it is imperative to assess the influence of microbial characteristics under high salinity 20 conditions on membrane permeability and fouling for further application of MBRs when managing 21 high salinity wastewater. In this study, changes in the microbial properties of biomass in MBRs were investigated under various salinity conditions along with their influence on membrane 23 filtration and fouling. 4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 A lab scale submerged MBR was used. The MBR system consisted of an activated sludge 5 bioreactor having an effective volume of 7 L, in which a hollow fiber membrane module was placed.
6
The membranes are made of high density polyethylene (HDPE) with a nominal pore size of 0.4 μm 810, Thermo scientific, MA, USA); pH by method 4500-H+ B using pH meter (Orion 720A, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 on the membrane surface. The washed module was put into the reactor again, and the initial TMP 5 was monitored. The reduced portion of TMP was regarded as the resistance caused by the cake 6 layer, while the remaining portion of TMP was regarded as the resistance caused by pore blocking. Table 2 . The procedure for PCR-DGGE was described in a previous study by the (ammonium persulfate) and 15 L of TEMED were added. P2/P3 products were used for the 16 DGGE analysis. These samples were mixed with 2X loading dye, which is composed of 2%
17
Bromophenol blue 0.25 ml, 2% xylene cyanol 0.25 ml, 100% glycerol 7.0 mL, and deionized water 18 2.5 mL. After finishing gel loading, the DGGE was run at 70 V for 8 hours in a DGGE machine (D-
19
Code System, BioRad Inc., USA.). From the finished gel, tick bands were extracted and the DNA 20 contained in each extracted band was diluted with TE buffer (10 mM Tris-HCl, pH 8.0, 1 mM 21 EDTA). Using the DNA as a template, an additional PCR was conducted with P2/P3 (without a GC clamp) primer. The operating conditions were the same as employed for the P2/P3 PCR. These 23 samples were purified using a MultiScreen Vacuum Manifold (Millipore, USA) and then sequenced.
24
A comparison of the microbial community in the MBRs was conducted through a PCR-DGGE 11 analysis. The dominant bands were selected, excised, and sequenced in order to reveal the identity 12 of the microorganisms involved. DGGE gel band profiles of the microbial communities in the
13
MBRs at different salt concentrations are illustrated in Fig. 2 and Table 3 . Based on the banding 14 profiles, the difference between microbial community structures at 0 and 5 g NaCl/L were minimal.
15
This result indicated that salt loadings below 5 g/L had little or no impact on the microbial 16 community in the MBRs. Also, it explained why the removal efficiency of ammonia removal was 17 not significantly affected below 5 g/L of salt loading. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 9 communities' composition due to high salinity and the changes in microbial composition in turn 1 many have affected the performance of the MBRs. To illustrate the characteristics of membrane filtration in each MBR, TMP was monitored at a 8 constant flux at 3.5 Lm -2 h -1 . Since a peristaltic pump drove out the permeate and the pressure in the 9 retentate did not change, the TMP increased naturally due to fouling, resulting in a decrease in 10 permeate pressure. The membrane filtration was stopped and washed as when the TMP reached 27 11 kPa, because it was difficult to maintain constant flux above this point. The contribution of each resistance to membrane fouling was obtained by the resistance-in-series 22 model. As shown in Fig. 4 , a decrease in R c was observed along with increased salt concentration,
23
whereas R f increased from 7 to 22% of the total resistance. These results revealed that R f led to a 24 faster increment of TMP, causing an intense loss in permeability at high salt concentrations. With 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 18 19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 19 19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 Shock loads 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
